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ABSTRACT 
 
This thesis deals with a study of heat transfer coefficient for nanofluid with inserted 
tape. Research and development for enhancement heat transfer using nanofluid shows 
positive reaction for increasing the rate of convection heat transfer. The main objectives 
of this thesis are to determine heat transfer coefficient for nanofluid with inserted tape 
through experiment. Also, this paper will compare the experimental value of heat 
transfer coefficient with pervious literature. The thesis described the methodology 
utilize and the expected result from the experiment. Reynolds number varies between 4 
000 until 22 000 within turbulent region, on the other hands, nanoparticles used is 
Alumina, Al2O3 with volume concentration of 0.5%. The dimension of the twisted tape 
inserts used is 5, 10, 15 and 83. From the experimental result, ratio of twist, H/D =10 for 
nanofluid provides higher Nusselt number for higher Reynolds number. Theoretically, 
H/D of 5 for nanofluid should have highest value of Nusselt number. Different result 
than theory is due to environment distraction. Using twist insert tape with nanofluid as 
working fluid, the value of Nusselt number is higher compare to previous literature of 
Nusselt number for nanofluid and water in plain tube by 33.51% and 42.17% 
respectively. The research paper concluded with tabulation from result and 
recommendation for further research. 
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ABSTRAK 
 
Tesis ini berkaitan dengan kajian pekali perpindahan panas nanofluid dengan pita 
dimasukkan. Penyelidikan dan pembangunan untuk pemindahan peningkatan panas 
menggunakan nanofluid menunjukkan reaksi positif untuk meningkatkan laju 
perpindahan panas konveksi. Tujuan utama dari tesis ini adalah untuk menentukan 
pekali perpindahan panas, untuk nanofluid dengan pita dimasukkan melalui eksperimen. 
Selain itu, makalah ini akan membandingkan nilai percubaan pekali perpindahan panas 
dengan literatur yg dpt tembus. Tesis ini menggambarkan metodologi memanfaatkan 
dan hasil yang diharapkan daripada percubaan. bilangan Reynolds berbeza-beza antara 4 
sampai dengan 22 000 000 di kawasan bergolak, di tangan lain, nanopartikel yang 
digunakan adalah Alumina, Al2O3 dengan konsentrasi 0,5% kelantangan. Dimensi dari 
pita sisipan twisted yang digunakan adalah 5, 10, 15 dan 83. Dari hasil percubaan, 
nisbah twist, H / D = 10 untuk nanofluid menyediakan jumlah yang lebih tinggi Nusselt 
untuk nombor Reynolds yang lebih tinggi. Secara teoritis, H / D 5 untuk nanofluid harus 
mempunyai nilai tertinggi bilangan Nusselt. Keputusan Berbeza dengan teori adalah 
kerana gangguan persekitaran. Menggunakan tape memasukkan twist dengan nanofluid 
sebagai bendalir kerja, nilai bilangan Nusselt lebih tinggi berbanding dengan 
kesusasteraan dahulu bilangan Nusselt untuk nanofluid dan air dalam tabung biasa 
sebanyak 33,51% dan 42,17% masing-masing. Kertas kajian menyimpulkan dengan 
tabulasi dari hasil dan cadangan untuk kajian lebih lanjut. 
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CHAPTER 1 
 
 
INTRODUCTION 
 
 
1.1 RESEARCH BACKGROUND 
 
 Advancement of thermal field and nanotechnology urged researchers to do more 
research on Nanofluid following major trend in modern science and technology which is 
miniaturization industries. During earlier research, there had been research to have 
millimetre and micrometer size of particle in order to enhance the rate of heat 
transferring but there have been problem by means clogging and suspension stability. 
The invention does not stop there. Recently, all industrial sectors significant the roles of 
forced convective heat transfer. There are many different techniques to determine the 
abilities of heat transfer for nanofluid suggested by other researcher such as through 
experimental data, theoretical formula and others. Furthermore, with the availability of 
nanofluid as fluid which much more reliable to be used, further research within this 
field have been done.   
 
Forced convective heat transfer of nanofluid is the heat transfer between a forced 
flowing nanofluid through a confined region and confining wall. Some examples of 
convective heat transfer application is cooling of microelectronics, process 
intensification in the chemical industry, heat exchange with waste heat recovery in 
power plants and cooling of car engines.  
 
Nanofluid can be understood as nanoparticles in based fluid which have ability 
to transfer heat efficiently than other traditional heat fluid such as water. The capability 
of heat transfer is based on its property, dimensions and also volume fraction ( Sundar et 
al., 2007). Using different concentration of nanofluid with interested flow region such 
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as laminar, transition and turbulent, it yield different research paper. Through 
observation on flow of nanofluids in a tube, enhancement of heat transfer has been 
found and supported by previous researcher. Smithberg and Landis (1964), Lopina and 
Bergles (1969) , Manglik and Berles (1993), Sarma et al. (2002), Sarma et al. (2003) 
have reported heat transfer enhancements with twisted tape inserts of single phase fluids 
in a tube. Sundar and Sharma (2010) concluded that heat transfer coefficient and friction 
factor of 0.5% volume concentration of Al2O3 nanofluid with twist ratio of five is 
33.51% and 1.096 times respectively higher compared to flow of water in a tube. Hence, 
the present study is undertaken to obtain experimental data with help of twisted tape in 
plain tube using nanofluids and compare with previous literature. 
 
1.2 PROBLEM STATEMENT 
 
Currently, majority of the industries using the cooling system with traditional 
heat transfer fluid such as water in the heat exchanger. Thus, the rate of heat transfer can 
be increased by using nanofluid as the heat transfer fluid and minimize the heat 
exchanger pumping power. This reduces losses in profits and following the principles of 
ergonomics. Conventionally, the industrial will add inserted tape in the tube with 
traditional heat transfer fluid such as oil, water and ethylene glycol to enhance the heat 
transfer. Even though, the flow will be facing disturbance and friction, the friction can 
be reduce by using smaller particles which nowadays, the smallest particles that 
industrial can use is nanoparticles. Moreover, by using inserted tape, it acts as passive 
inducer of convection heat transfer. Further research has to be done in this field to 
maximize the nanofluid convection heat transfer ability. 
 
1.3 SIGNIFICANCE OF STUDY 
 
 After achieving the objectives, the manufacturing industry will have an 
alternative method in saving the cost of production and increasing the rate of 
production. By determining the heat transfer coefficient, the industrial could use the 
method to control the rate of heat transfer for cooling system such as heat transfer in 
heat exchanger. In normal situation, workers that handle the heat exchanger must have 
specific experience and skills. This study also helps the non-experience worker to 
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handle the heat exchanger in obtaining the optimum rate of heat transfer. On the other 
hands, using nanofluid as the heat transfer fluid minimize the friction in the tube. Thus, 
a further study is needed in order to accomplish the vision and within given the 
limitation. Some of the research question that has been proposed through this paper is 
method to determine the coefficient of heat transfer for nanofluid with inserted tape. 
The paper also will discuss on the effect of inserted tape with 180˚ of turning. 
 
1.4 RESEARCH OBJECTIVE 
 
The objectives of this paper are as follows: 
i. Determination of heat transfer coefficient for nanofluid with inserted tape 
through experiment.  
ii. Observe and compare the experimental value of heat transfer coefficient 
from previous literature. 
 
1.5 RESEARCH SCOPES 
 
For the main purpose of this research, the following scopes are developed: 
i. To create turbulent flow, high Reynolds number used in range 4000 to 22 
000. 
ii. Nanoparticles used is Alumina, Al2O3 . 
iii. The volume concentration of nanofluid examine is 0.5%. 
iv. The flow of nanofluid used in this paper is under fully developed region. 
v. The behaviour of flow disturb by twisted tape with 180˚ of turning. 
vi. Twisted tape have ratio within 5, 15, 20, and 83.  
 
1.6 PROCESS FLOW CHART 
 
Figure 1.1 shows the connection between the different stages of the process or 
parts of the system along the study. This provides clear image of the research being 
done for FYP 1 and FYP 2. 
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Figure 1.1: Flow diagram of the research 
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CHAPTER 2 
 
 
LITERATURE REVIEW 
 
 
2.1 INTRODUCTION 
 
A converging focused literature review within a related field or interest of 
research is one of the most essential activities in the procedure of completing a research. 
In order to produce a productive literature review, it is recommended to include the 
historical perspective, selected heat transfer mechanism with understanding 
classification of fluid flow which the research paper concerns more on internal forced 
convection for inserted tape in a tube with turbulent flow. Also, review on previous 
studies related within the scope as additional guidance for the research paper also its 
application from engineering perspective. Besides that, discussion of some information 
on the technology and equipment that used for this study case such as Nanofluid and 
Twisted Tape are included. By considering the related engineering parameters used in 
through this research paper, relationships between the parameter are also discussed. Not 
only elaborate on the parameters, it covers the relationship on the parameters before 
meets the conclusion for this chapter. Hence, this chapter acts as a platform of reviews 
to support and define each action performed during the experiment being held. 
 
2.2  HEAT TRANSFER 
 
Heat transfer can be seen throughout our daily life. Human body as the easiest 
example, constantly rejecting heat to its surrounding ensuring that it is comfortable with 
the surrounding. Heat transfer can be classified as the science that deals with the 
determination of the rates of energy transfer. The interested energy is heat which can be 
defines as the form of energy that can be transferred from one system to another as a 
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result of temperature difference (Cengel, 2006). For heat transfer to occur, temperature 
difference is the basic requirement. With the knowledge of heat transfer, the rates of 
heat transfer to or from a system can be determine thus the times need of heating or 
cooling as well as the variation of temperature can be known either through 
experimental method or theoretical method with some assumption need to be done first. 
 
2.3 HEAT TRANSFER MECHANISM 
 
 As been discussed in previous section, heat can be define as the form of energy 
that can be transfer from one body to another caused by temperature defences as the 
forcing force. Thermodynamics field known to be concern with the amount of energy 
transfer as a system changes from equilibrium state to another (Incropera et al., 2007). 
We also understand that heat transfer is the science field which concerns more with the 
determination of the rates of heat transfer. Hence, the industrial can invents the optimal 
insulation thickness or determined the basis of heat transfer analysis considering the 
economical aspects.  
 
The heat transfer can be occurred in three different modes which are conduction, 
convection and radiation. All of it needs temperature difference with heat transfer from 
high-temperature body to the lower-temperature one.  The clear differences among them 
are conduction is due to collisions, diffusions or vibrations of the random motion 
molecules contrast with convection which occur as effect of conduction and fluid 
motion. Figure 2.1 shows heat transfer by convection and conduction. On the other 
hands, radiation does not need any medium to be occurred since the radiation, itself can 
be occurred in a vacuum condition. Throughout the research paper, the interested 
mechanism is convection only. 
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Figure 2.1: Heat transfer from a hot surface to the surrounding fluid by convection and 
conduction. 
 
Source: Cengel, (2006). 
 
Within  our surrounding, there are a lot of convection process happen without 
we realise such as process of drying the clothes, cooling a hot water or hot surface with 
our without external force and others. These are some example of application of heat 
convection in our daily life. Convection also gives benefits to the industrial field. With 
convection process, the cooling system has been built either used to cool the engine of a 
car of cooling a heat exchanger unit. Therefore, convection gives chances for human to 
utilize the cooling system in order to produce a machine that can run smoothly without 
corrupt because of heat.  
 
Heat convection can be define as the mode of energy transfer between solid 
surface and the adjacent liquid or gas that is in motion, and it involves the combined 
effects of conduction and fluid motion. (Cengel, 2006) Since our surrounding does 
include solid and fluid that have motion, convection process is easily happen whereas, 
to convection happens, there must be a surface which is solid in contact with liquid or 
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gas in motion. To have a greater effect of convection, the fluid motion must be faster. 
The heat transfer between solid surface and the fluid are enhance by the presence of 
bulk motion of the fluid. Also, the determination of heat transfer rates can be done. 
 
2.4 THEORY OF CONVECTION HEAT TRASFER 
 
 In order to study the heat transfer coefficient, first and foremost, deep 
understanding in theoretical is a must. There are several theory related with convection 
heat transfer which are concern within this report such as Newton’s cooling law, 
internal force flow, boundary layer, mean velocity, surface temperature, heat flux and 
pressure drop. All elaborated theories are related to one another. By converging towards 
the objectives of this research, each theory is being discussed to get a clearer view. 
  
2.4.1 Newton’s Law of Cooling 
 
Newton's Law of Cooling states that the rate of change of the temperature of an 
object is proportional to the difference between its own temperature and the ambient 
temperature (Incropera, 2007). By means, Newton's Law makes a statement about an 
instantaneous rate of change of the temperature. Formula below states the law: 
 
  Conv s sQ hA T T      (2.1) 
 
 Where h is the local convection heat transfer coefficient, heat transfer surface 
area, As, temperature of the surface, Ts, and temperature of the fluid sufficiently far from 
the surface or ambient temperature, T∞.  
 
 
2.4.2 Internal Forced Convection 
 
In Internal forced convection, the fluid has a moving motion in flow sections of 
circular cross section or noncircular cross section which are referred as pipes and ducts, 
caused perhaps by a pump or fan or other driving force independent of the body. Figure 
2.2 shows an example of a pipe and a duct. Circular pipes can withstand large pressure 
